The phosphate group of 3-phosphoglycerate accounts for conformational changes occurring on binding to 3-phosphoglycerate kinase. Enzyme inhibition and thiol reactivity studies.
Steady-state kinetic study of the inhibition of 3-phosphoglycerate kinase reaction by the substrate analogues D-glycerol 3-phosphate, 2-phosphoglycolate, tartronate and malonate revealed competition with respect to 3-phosphoglycerate. D-Glycerate had no detectable inhibitory effect. The data indicate that (a) the phosphate of 3-phosphoglycerate plays an essential role in the formation of its complex with the enzyme and, taking into account the relatively strong binding of 3-phosphoglycerate, (b) the two charged groups of the substrate might cause a synergic interaction with the protein. The carboxyl-lacking D-glycerol 3-phosphate is a non-competitive inhibitor with respect to MgATP, while all the investigated carboxyl-containing inhibitors compete for MgATP binding. The inhibitory analogues of 3-phosphoglycerate reduce the reactivity of both the two fast-reacting and the five slow-reacting thiol groups of the enzyme molecule. In the case of the fast-reacting thiols the effect is specifically associated with the presence of a ligand's phosphate group. Similarly mainly the phosphate-containing nucleotides and analogues slow down significantly the reaction rate of the fast-reacting thiols, while adenosine is less effective and the competitive inhibitor adenine has no effect at all. MgADP has an especially dramatic effect as compared to MgATP, in line with the known X-ray structural data. The fast-reacting thiols are of particular interest, since their reactivity is possibly controlled by ligand-induced conformational changes. This is shown by the similar ligand protection against alkylation irrespective of the reagent's electrostatic charge (iodoacetamide or iodoacetate) and also by the similar substrate-binding properties of carboxamidomethylated and the unmodified enzyme.